A brief overview is presented of the beam polarimeters in the LINAC -Booster -AGS -RHIC complex at Brookhaven National Laboratory. Absolute calibrations, performance, and outstanding issues for these polarimeters, as well as their interactions with the operations of the accelerators, are discussed. The role of systematic effects in the polarimeter data is emphasized.
THE 200 MeV POLARIMETER
The 200 MeV polarimeter [1] consists of pairs of scintillation counters at laboratory angles of ±12° and ±16° to the incident polarized proton beam and a thin carbon strip target. During late 2001, changes were made to handle the higher rates from the new ion source. The ±12° counters were moved to a larger distance from the target, and lead shielding and collimators were added to restrict the origin of the detected charged particles to near the target. Upgrades to the data acquisition system were also made that allowed more events to be recorded in a single LINAC beam pulse.
The absolute calibration of the modified 200 MeV polarimeter was checked using p+d elastic scattering on a CD2 target. The ±16° scintillation counters were moved to 0 lab = ±64°, and deuteron telescopes of three scintillation counters each were added at 0 lab = ±42.6°. The analyzing power was taken from measurements at IUCF [3] . The values of beam polarization measured with p+d elastic scattering and that measured using p+C scattering with the old calibration are consistent: 
However, a reduction in photomultiplier gain with time was observed during the LINAC pulse in the calibration experiments. The problems were more severe in the p+d than the p+C measurements. For example, the p+C asymmetiy was observed to drop with increasing intensity. The variation in intensity was provided by adjusting slits or a LINAC quadrupole, neither of which is expected to change the beam polarization. These rate problems suggest that systematic effects in the polarimeter may exceed the statistical uncertainty in the calibration (Eq. 1). It will be important to further upgrade the 200 MeV polarimeter to become more rate tolerant.
THE ACS POLARIMETER
The AGS polarimeter [2] was used in efforts to minimize polarization losses through depolarizing resonances with the AGS partial solenoidal snake and ac-dipoles over the past decade. It consists of two telescopes of three scintillation counters and an adjustable degrader to the left and right of the beam at 0i a b = ±77°. Thin carbon fiber targets of diameter ~ 8 ^im are used to avoid undesirable rate effects in the photomultipliers due to the high beam currents from the new ion source. The analyzing power drops with momentum as approximately AQC p^,' 1 . At the extraction momentum of 24 GeV/c, A ~ 0.006, which leads to long measurement times (20 -30 min.) in order to obtain statistically significant beam polarization results.
Observation of changes in asymmetries with time measured with the AGS polarimeter has led to suggestions of systematic errors comparable to statistical uncertainties. However, these changes could be caused by variations in accelerator conditions as well as problems with the polarimeter. For example, there is evidence for changes in the relative position of the beam and target from spill to spill, possibly causing a systematic error in the measured asymmetries. The origin could be nonreproducible target position as it is moved into the beam each spill, or a variable beam position in the AGS. New diagnostics to display the polarimeter asymmetiy as a function of time were implemented for the recent polarized proton run period; no obvious problems were observed during the operation with carbon fiber targets.
A recent absolute calibration of the AGS polarimeter was performed at Pi a b = 3.8 GeV/c (Gy = 7.5) for nylon and carbon targets. Scintillation counters at small angles to the beam were added to select pp elastic scattering events (where the analyzing power is well known) from the nylon target. Beam polarizations were then measured to be consistent with those seen at the 200 MeV polarimeter. During these studies it was shown that some previous results at Gy = 7.5 had contamination of carbon target data by nylon events and vice versa. This was due to the ~ 2.5 cm separation of carbon and nylon targets on the target holder and the large beam size at this momentum. Detailed analyses [4] suggest consistency of all Gy = 7.5 data from 1996 -2002, except for those from September 2000.
RHIC AND THE CNI POLARIMETERS
RHIC operated as the first polarized proton beam collider from November 2001 -January 2002. Any new type of accelerator will provide new challenges, and RHIC is no exception. During that period, RHIC operated with nominally 60 equally spaced beam bunches separated by ~ 210 ns or 6° around each ring. These bunches were filled one at a time from a single AGS spill each. The beam polarization direction was vertical. Each ring had 26 bunches with polarization up, 26 with polarization down, and 3 unpolarized bunches in an alternating pattern. In addition, there were 5 adjacent bunches that were unfilled to allow the beam to be dumped safely -this was called the "abort gap." A total of 10 filled bunches in the yellow ring "saw" the abort gap of the blue ring in two of the six interaction regions, and vice versa. The other 45 filled bunches always saw bunches with beam in each of the intersection regions.
For accurate polarimetry, beam conditions must be stable from bunch to bunch and vary slowly with time. Such conditions include the distributions of beam particle angles and transverse and longitudinal positions relative to the nominal trajectory, the spread of momenta of the particles in each bunch, and the polarization of each bunch. Some of these are well constrained by the accelerator design and operations, while others are not. The polarimeter design may also limit sensitivity to certain beam conditions. For example, the small CNI polarimeter ribbon target reduces the sensitivity to transverse shifts of the beam from bunch to bunch.
There are several known mechanisms that could produce different beam phase space among the bunches, in addition to the obvious possible changes in the AGS or the AGS-RHIC transfer line operating conditions. These include: a) One bunch was perturbed to measure the beam tune. Thus, it was affected differently than the other bunches, b) Beam leakage out of filled bunches into the abort gap was observed at times. The phase space of the leakage beam was probably different from the remaining beam. Different bunch intensities and such leakage could also cause different phase space among the bunches and a possible decrease in polarization with time (see Fig. 1 ). c) Some bunches experienced significantly fewer interactions than others due to the abort gap (see the talk by J. Kiryluk).
These various mechanisms should be studied experimentally and perhaps with simulations to estimate the impact on the polarimeter measurements. Unpolarized beam can probably be used to study some of these effects (see Ref. [5] for a way to search for phase space differences using luminosities measured in various intersection regions).
The CNI polarimeters in each RHIC beam observed carbon recoil nuclei with silicon strip detectors. Very small angle p+C elastic scattering was measured, and the forward proton was not detected. Timing and pulse height information were determined for each strip, which helped to reduce backgrounds. Each polarimeter consisted of three "left-right" pairs of silicon detectors. One pair was horizontal, in the plane of the beam. The other two were at ±45°, and allowed both transverse components of the beam spin to be measured (see the talks of O. Jinnouchi and K. Kurita). The absolute calibrations of the CNI polarimeters are known only at the RHIC injection momentum (Pi a b = 24 GeV/c, A ~ 0.013) [2, 6] . At the operating energy of 100 GeV, it is possible to demonstrate that A > 0.013 based on observed asymmetries at the two energies and the requirement that the beam polarization does not increase during acceleration. It is planned to obtain a better calibration if the beam can be successfully decelerated to 24 GeV/c. Measuring the asymmetries at injection, 100 GeV, and at injection again would allow the calibration to be found if the two asymmetries at injection are (nearly) equal.
Data from the CNI polarimeters are being studied for systematic effects. For example, it was discovered that the "earliest" bunch to be injected into RHIC from the AGS often had anomalous specific luminosity. The cause is not presently understood. However, there may also be systematic effects caused by the non-ideal operation of the polarimeters. Especially important are possible rate effects, and degradation of the silicon detectors from radiation damage, causing an increase in noise and leading to a gain change in the electronics. Of lesser importance are the slow degradation of the ribbon targets with integrated beam intensity, and the reproducibility of the target position from measurement to measurement, which could affect the analyzing power.
Two observations suggest systematic errors in the CNI polarimeter data. The nominal beam polarization was vertical. However, statistically significant up-down asymmetries were observed for a sizable number of runs. These asymmetries were computed from the two pairs of detectors at ±45° to the horizontal plane. Secondly, the three left-right pairs of detectors all viewed the same carbon ribbon target. Thus, the three luminosity asymmetries should be the same within statistics, but they disagreed much more than expected. The luminosity asymmetries were computed from: (2) where N Lt is the sum of counts in the left detector for all bunches with spin up, etc. This asymmetry is dominated by the asymmetry in integrated luminosity for spin up and down when systematic effects are negligible. The data suggest that the systematic errors may be comparable to the statistical uncertainties. The origin of these effects is presently under study.
SUMMARY
The 200 MeV, AGS, and CNI polarimeters are key instruments for the polarized beam program at RHIC. Hardware improvements, calibrations, and studies of the performance of each continue, but additional work remains.
Modifications to the 200 MeV polarimeter were made to better handle the higher beam intensities from the new polarized ion source. Afterwards, the calibration was rechecked using p+d elastic scattering, and the calibration appears unchanged. However, it is desirable to have polarization measurements that are less sensitive to beam intensity for typical currents from the LINAC. Thus, it will be necessaiy to further upgrade both the p+C and p+d systems to be more rate tolerant.
An absolute calibration of the AGS polarimeter was recently performed at Pi a b = 3.8 GeV/c and new diagnostics added. Thin carbon fiber targets are required to prevent rate problems in the polarimeter photomultipliers.
Continued studies with the CNI polarimeter data to understand systematic effects from the beam and the polarimeter hardware are ongoing and required. Close consultation of polarimeter physicists with the accelerator physicists may permit the beam related effects to be minimized. Dedicated tests with beam may be required to fully understand the origin of some of the instrumental effects. These studies are essential in order to achieve the stated goal of knowledge of the beam polarization at RHIC with a ±5% absolute calibration.
